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Tbis Technical S u m m y  Rqo~2 documents area source emission testa conducted by the 
, .'b' California 1nhgm.W Waste Management Board (CIWMB) aad supported by the South Coast Air 

Quality Management Dishict (SCAQMD) on greenwaste cornposting opcratioas. The tests w e  
conduded to evaluate &st Management Practices (BMP) for greenwaste cornpasting operations 
that would &t in reduced air emissions. Test procedures were designed to evaluate feedstock 
blends and aeration techniques and to ckimnim how changing these variablas &cts air 
emissions Grom the compost. In addition to feedstock blends and aeration techniques, there are 
nm&us aperating variables m the ~ ~ m p o s l i n g  process that can affect air dsdons such as 
temperature, moisture, pH, and pile shape and size. However, due to the dif6cUtty of imlating 
variables, the costs associated with testing some emissions, and limited fimdbg, feedstock 
blends and aeration techniques were chosen as common'variables that gremaste composters 
could control. An effort was made to hold all other variables bnsbnt as much as possible. 

DESCRIPTION OF TESTS 
The tests were hoated by Tierra V d e  Iadustries 0, a greenwaste cornposting ficility located 
in m e ,  Califbmia TVI constmcted custDffl windrows and followed p r d b e d  operating 
procedures durbg the test to simulate various cornposting environments, Emissions tmthg were 
conductsd on four atandard sized, full-scale windrows. Figure 1 shows two of the test windrows. 

' 

Feedstack materials for the windrows were prepared and weighed on October 25,2002; 
windrows were constmcted on October 26,2002. Table 1 provides a desniption of each 
wbdmw. (Note that the test conditions are not reflective of TVl's m a 1  operation and 
therefore emission results fiom the tests have no relationship to expected emissions at the WI 



JAN-31-2008 THU 02:45 PM SANJOAQ VALLEY A I R  DIST FAX NO. 2095576475 
03/07/2006 15:20 FAX 2306475 

Carbon-t+NPtragen Ratio 
Test variables iwluded f-ck blends, aeraticm techniques, and test pile age. Feedsfock 
blends were controlled by the amount of gmss clippings (carbside greenwaste) and the amount of 

L- woody waste (some grass clippings, but mostly leaves, brush, and wood) that were mixed 
together beforc cornpasting. Feedstock blends were ~ ~ e d  by measuring thr: carbon-to- 
nitrogen ratio (C:N) in the mixture of materials. Two altmmtivcs of feedstock blends were 
tested: hi@ C:N nmterhls and low C:N materials. To achieve a high C:N b l d  of materials, 
T V ~  mixed predominately woody wate with sane pass clippings- To achieve a low C N  blend 
of materials, WI mixed predominately grass clippings with aome wood waete. 

Aeration 
W o  aqation techniques were evaluated during the testq static pile aad turned pile. Two static 
pile wiadrows were formed to standard, full-scale dimensions and then were allowed to self- 
aerate by natural convection only for the eatbe cornposting lifk cycle, Turned pile operation 
involved two windrows that were constructed to the same shape and dimensions as the static pile 
windrows but: were 
tumed with a Scarab to 
provide aeration. The 
tumed windrows were 
tunred approximately 
three times per week 
dependent on 
tcmpmture. Due to 
the decrease in 
windrow temperature 
that occurs during 
lmming, *gs were 
conducted whm 
widrow temperaimx 
were high enough to 
withstand turning and 
still maintain 13 1 OF 
needed for pathogen 
reduction requirmmts. 

Figure 2: Scarab tumiog test windrow. 

Pile Age 
The four test WiTldrows were allowed to remain in place for a nominal lOOaay life cycle. Area 
some emission tests were concenbated on the initial phase of cornposting where emissions were 
expected ta be higher. Since life cycle analysis of emissions was not tbe intent of these tests, not 
enough data was collected to complete an accurate analysis of how Wssiws change over thc 
entire 100-hy cornpost cycle. Rather, emissions fiom the first week of cornposting (Day 3 and 
Day 4) can be compared to dss iom fkom tbe second week of cornposting (Day 11 and Day 12). 
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Windrow Dimensions and Weigbt 
The four test windrows were constructed to approximately the same dimensions in mu& 
trapezoidal shapes that were 105 to 120 feet long, 13 fbet wide, and 6 feet hi@. Feedstock 
materials were blended together to form two compost windrows with hi& C:N ratios and two 
compost windrows with low C:N ratios. Feedstock materials in the blends included: grass 
clippings &om curbside collection, fines coUected after gtinding.curbsidc greenwaste, mulch- 
type materials h m  landscapers, and wood waste. Xor to construction of the windrows, the 
feedstock blend for each w h b w  was weighed at the scale house. The two windrowti with low 
C:N ratios were comprised of roughly 50% curbside fzneg, 40% grass clippings, and 1W wood 
waste. The two windrows with high C:N d o s  were comprised of 50% laadscapew mulch 

amount of material in each of the four windrows . 
V or appoxim;ately 73 tons. CIWMB staffobmed the 

construction of the test windrows on October 26,2002. Figure 2 below shows bhmmion an 
the dimensions and the amount of material placed in each windrow. 

> 

Table 1: Description of Test Wlndmws 
- Dedgnrtiion 

Row 1 

Row 2 

Row 3 

Row 4 

Descnipthn 

Not turned, natural 
co~~vection only 
Mechanically turned; 
Scar&, -3 times/weck 
Not turned; natural 
convection only 
Mechanically turned; 
Scan&- -3 timdweek 

 erat ti on 
Technique 
Static 

Turned 

Static 

Turned 

Feed~ock B k ~ d  

LQW C:N 

Low C:N 

High C:N 

High C:N 

Dmcr@tion 

Gremweda, 
grass clippings 
Greenwaste, 
grass c l i p p i .  
Woody waste 

Woodywaste 
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Row I = 50% curbside fines, 40% grass clippings. 10% wood = 146,570 Ibs 
Row 2 = 50% curbside fines. 40% grass cllpplngs, 10% wmd = 147.810 lbs 

Row 2 
Statlc Green Turned Omen 

Raw 3 = 50% mulch, 50% wood = 146,080 Ibs 
Row 4 = 50% mulch, 50% wood = 147,570 Ibs 

Row 4 
Statlt WoodlCSreen Turned WoodlGreen 

I 
Figure 3: Diagram of Windrow Dimensions and Amounts of Materials 

Emissions Testing 
Source emissions tests were canducted to dehmine if there is a reduction in emissions &om 
greenwaste coraposl windrows by controllirig f e e h c k  blends (high w. low C:N ratio) and 
aeration techniques (static vs. mad). All four windrows were tested at multiple locations 
during the first week of cornposting and during the second week of composting. Tests were 
conducted on Day3Day 4 and Day 1 l/Day 12. Each windrow was tested at 6 locations, which 
included the windrow ridge-top or vented locations and wiadrow sides or non-vented locations. 
Ammonia, volatildsetni-volatile organic compounds (VOC/SVOCs), and odor were sampled to 
dashbe air emissions from the test windrows. The air emission tests were performed by Dr. 
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Chuck E. Schmidt, an independent consultant contracted with CZWMB, and samples were 
analyzed at independent laboratories. The SCAQMD also provided laboratory analyses for some 

of the air emission samples 
including fixed gas analyses on 
the windrow and for 
paformance evaluation samples. 
Mr. Mike Ganbay, SCAQMD 
Seaior Air Quality Engineer and 
OW SCAQMD staff observed 
par& of the t*. 

Figure 4 Isolation flux chambm test emissions at multiple locations. 

Soltb Testing 
Compost materials were tested in the windrows to detamine the C:N ratio of the f-k 
blends and to mmeasure otber physical characteristics of the solid materiais such as bulk density, 
moisture content, total solids, and volatile solids. Ail four windmwa were tested at multiple 

L ~ .  locations during the first week of composting, during the second week of composthg, and at the 
end of the composting life cycle. Tests were conducted on DaJO/Day 4 and Day 111Day 12 and 
Day 101/102. Each windrow was ksted at 4 locations spaced evdy across the lmgth of the 
windrow. In addition, a Solvita Maturity Index was performed on end-of-Life-cyole pmduct (Day 
1 O1/102) b determine relative completion of the cornposting process for each of the four test 
windrows. Results fiom the sofids testing were USXI to track the changes in the c h a r a c e  of 
the compost materials across the entire Life cycle. 

TEST PROTOCOL 
Prior to conducting thc tests at TVI, a test protocol was developed. The test protocol clearly 
identified the purpose of the tests in evaluating Best Management Practices (BMPs) for 
greeslwaste composting operations, the test variables to be d d e r e d  and how those variabies 
would be adjusted, the sample schedule, test method'o1ogy, and labomtory analytical methods. 
C W  conducted meetings with SCAQMD staff in October 2002 and submitted the *st 
protocol on October 15,2002, prior to the start of the tests, for thek review- SCAQMD reviewed 
and approved the test protocol on October 25,2002. Thc test protocol included the following 
constituents that were measured to determine if the BMP variables had an effect on emissions. 

a Volatile Organic Compounds (VOC) - sampled uing USEPA isolation flux chamber, 
analyzed by traplcaniskr collection and AQMD Method 25.3 (GC/PID) 
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Table 3 through Table 7 show the test msults. Samples were taken on October 29,2002 (Day 3), 
October 34 2002 Day  4). November 6,2002 (Day 1 I), November 7,2002 (Day 12), Febnrary 
4,2003 (Day 101), and Febnrary 5,2003 (Day 102). Test results are shown by either caleadar 
date or compost age, e.g. Day 3. All of the solids data and the compost quality res& are ahom 
in Table 3. The air emissions or flux data are shown id Table 4 for the stutic windrows tested on 
Day 3, Table 5 far the turned windrows tested on Day 4, Table 6 for the static widrow8 tested 
on Day 11, and Table 7 for the turned windrows tested on Day 12. For the air emission data, tha 
CIWMB contractor Dr. C. E, Schmidt prepared a Te~haical Memtn-andrmr which is included in 
tbe Appendix of this Technical Summary mrt. Although air emidon data ie summaixed 
here in Tables 4 thugh 7, additional details are available in the Appendix. Also included in the 
Apgeadix are sample data sheets, lab data sheets, and chain of custody for the mlids samples. 
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I Average Ccureuion Factor For Advsctiw Flow Static Piles 1 .a (High C;N), Static PNes 3.6 (LowC:N). Avpmge 2-8 
Awm@ Correction k c b r  For Adveaive Flaw: Turned Pila 2.3 (HIgh C:NX Turned Piles 3.3 (Lem CN), Average 2.8 
FID [ppmv)(lBm5 m0l wt)(0.005m3~110.13m2)=(ppmv)(0.025.)(C=FD (m@/rnZ,min-1) 
NH3 (ppmv)(l8/25 m0l wtXO.005m31(110.13mZ)~(ppmv~0.02B~CF)ENH3(mglm2,min-l) 
Flux Cav@on: (m~rn2,min-l)(1 gll,000mg~O.O920m2Hf12Hl lb1454g)(60 minll hr)(1,000f12) = (mg/m2.mln-l)(0.01?2 = OUI,WO fI2,h~l) 
Hlgheet value for a replicate pair used rather l h ~ n  aver-e wlue. 
Simle value used Qr 'average' repwting per group of data. 
Odor (~/T)(0.005rn~in)/(O, 13m2p(Dfl)(O.O385)(CF)EOdo~ (Drr)/rnZ,min-1 
NH3 MDC- (O.l@m1)(25ml)l(O. W8m3)= 0.3 mglm3. (0.3 mgl rn3 ) (1~  md w t ) ~  0.23 ppmv 
Average values use MDL if ND repaw 
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DISCUSSION OF TEST RESlJLTS 
V' 

An evaluation of the test results considered the test variables of &&to& control as measured by 
the C:N ratio and amabton techniques, i.e. static windrows versus windrows mechanically turned 
with a Scarab. An additional vsriable that can be evaluated inchubs campat age since some 
temporal data, although limited, was taken that can be used to consider compost life cycle 
effects. Tbc emissions relative to the geomehic bcation, or windrow zone, wbm the 
measurement was taken can also be studied. F M y ,  evaluation of measurement techniques for 
VOCs can be considered for the inexpensive, hand-hell FII) method (Flame Ionization Detector) 
compared to the costly isolation flux chamber method. 

Ammonia Emissions 
Ammonia (MI>) emissions were measured on the four test windrows using the isolation flu 
chamber at 48 locations. Test results include M& emissions for static windrows, turned ' 

windrows, higb C:N (woody) materials, low C:N (gassy) materials, the first week of 
compostiqg, the second week of composting, and various windrow zones (lowest, middle, and 
ridge top of pile). Of the 48 test results for N H 3  emissions, a l l  of the data is less than the 
detection limit of 0.1 uglml or 0.23ppmv with the excaption of one sample. The flux data for 
NH3 shown m Tables 4 through 7 reflect the non-&kction of N& by showing fluxes a.00037 
lb/1,000ft2hr. With 98% of the emission data below the detection limit for &I&. NHJ is not a 
concern. Thafore, the subsequent discussion of test results and graphs of the data do not 
include NI&. For greenwaste cornposting operations, NH3 emissions should not be a regulatory 
concern. 

'u EEect of Feedstock Control 
191 effwt of feedstock control on emissions was measured by C:N ratio in the windmw 
materials. In all cases except one, dsaions of VOC demmed with inoreased C:N 40 in, the 
feedstock rnatarials. The average C:N ratio fm windrows constructed of predominantly woody 
materials ranged fsom 54 to 74 with ar, overall average of 63 C:N. The average C:N ratio fbr . 

windrows constructed of predominantly grassy materials rauged from 16 to 26 with an o v d  
average of 20 C:N. Figures 5,6,7, and 9 show a ckawse in VOC emissions with increased 
C:N. VOC emissiong were decmtsed by 34 to 80%. Figure 8 shows a revme tread of i n c d  
VOCs with higher C:N feedstock- A plot of the overall averages for VOC emissions and C:N 
fedabcks is shown in Eigure 9 which shows a 63% decrease in VOCs for bigb CiN ratio of 67 
versus a low C:N ratio of 22. The contsol of f d c k  blends sts indicated by C:N d o  appears 
to be effective in reducing VOC emissions and would be a feasible Best Mamgeme51t 'Practice 
(BMP) operating variable for greenwaste compost facility operators to use to'mntrol VOC 

. emissions. 



JAN-31-2008 THU 02: 47 PM SANJOAQ VALLEY AIR DIST FAX NO, 2095576475 

Effect of C:N on VOC 
(Day 3, Static Windrows) 

30 40 1 O lo 
Caib:::Nltrogen Ratlo &:N) 

Figure 5: Reduced VOC Emissioas for High C:N -Day 3, Static Windrows. 

Effect of C:N on VOC 
(Day 4, Turned Wlndmws) 

Carbon:Nltrogen Ratio (C:N) 
(Nok - NH3 Emissions were Non-Detect.) -1 - 

Figure 6: Reduced VOC Bmissions for High C:N - Day 4, Tumed Windrows. 
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Effect of C:N on VOC 
(Day 11, Statlc Windrows) 

0 20 40 60 80 
Carbon:Nltrogen Ratio (C:N) 
(Nab - NH3 Emissions wem'Non-Detect.) 

Figurc 7: Raduced VOC Emissions for High C:N - Day 11, Static Windrows. 

- 

Effed of C:N on VOC 
w' (Day 12, kurned Windrows) 

L: - . 

0 20 40 60 
Carbon:Nltrogen Ratlo (C:N) 

(Note - NH3 Ernisslans were Nan-Detect.) - 
Figure 8: Inmased VOC Emissions for High C:N - Day 12, Turned Windrows. 
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Effect of C:N on VOC 
(Average - All Days, All Windrows) 

Carbon:Nitrogen Ratio (C; N) r c T N M H C (  I 
I I 

Rgurc 9: Reduced VOC Emissions fbr nigh C:N - Average of All Days, All Windrows. 

Effect of Aeration 
Kmissions were measured on Day 3 and Day 1 1 for static windrows, i.e. windrows that were not 

'LJ tuned but allowed to aerate via natural convection only. Emissions were measured on Day 4 
and bay 12 for windrows that were mechanically tuned with a Scarab. Figure 10 dmwa VOC 
emissions for static windrows compated to turaed windrows. The data fbr Figure 10 shows the 
average of 12 emission measurements for static windrows m Day 3 of 0.103 lb/1,000R2hr 
compared to the averaga of 12 emission measurements for turned windrows on Day 4 of0.966 
lb/1,000ft2hr. There b an order of magnitude increase in VOC emissions for ttpned windrows. 
A simiIar pattern is observed fbr data collected on Day 1 1 and Day 12. Figure 1 1 shows VOC 
emissions for static windrows compared to tuned windrows for the second week of testing. The 
&ta far Figure 1 1 shows the average of 12 emission mamrrements for static windmws OR Day 
11 of 0.022 lb/1,000ft2hr compared to the average of 12 emission measurements fi,r turned . 
windrows on Day 12 of 0.286 lb/1,000ft2hrhr Although enissiona for both statjo and turned 
windrows have decreased by an order of magniMe compared to the previous week, there again 
is an increase in VOC onissions for turned windrows compared ta static windrows at roughly the 
same age. Without data that defines a full life cycle analysis for emissions over the entire 
cornposting cycle, it is difficult to d e t h e  based on two poiats in time if overall emissions are 
increased, decreased, or the same for static'windrows versus turned windrows. 
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Effect of Static vs Turned Windrows on VOC Emissions 
(Day 34) 

Static Turned 

Type of Windrow Aeration 

figure 10: Increased VOC Emissions far Turaed Windrow - Day 3 and Day 4. 

~ f fec t  of Static vs Turned Wlndraws on VOC 
Emissions (Day 1 1-1 2) 
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~ y p e  at wind raw ration 
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p G G q  
Figure 1 1: hcseased VOC Emissions fbr k e d  Windrow -Day 11 and Day 12. 

Effect of Pile Age 
The data for two points early in the life cycle during the first two weeks of camposting would 
suggest an increase in VOC emissions far turned windrows a show in Figure 12. However, 
this phenomenon may be an indication that aeration increases emissions early iu the life cycle by 
providing a more optimal enviropment for aerobic reactions, while static windrows result in a. 
steady release of emissions acrpss the entire life cycb of composting. Figure 12 also suppms 
the theory of higher VOC emissions early ia the life cycle with emissions tapering off fastar for 

u turned windrows. Figure 13 is a conceptual plot that demonstrates this idea, To determine the 
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relative emissions for the two scenarios, the amount of VOCs emitted for eacb curve must be 
L summed for the entire life cycle, or in other words, the area d r  the green curve (tauned) must 

be compared to the area under the red curve (static). As shown in the hypothetical cwes,  it may 
be posmile to have significantly higher emissions at Day 3IDay 4 fol: the turned windrows 
c o m p ~  to the static wiudrows; higher emissions at Day 111Day 12 for the turned windrows 
but sbntbg to approach the emission levels of the static windrows; aud lower ovaall d o n s  
(area mdm the curve) for the turned windrows compared to the static windrows. 

Effect of Pile Age on VOC Embafons 
for Staflc vs Turned Windmwa 

0 1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3  

Type of Wlndrow Aeration 

Figure 12: D e c r d g  VOC Emissions over Time. 
~ - 

Conce~tual Plot - Hypothetical Emissions for Static vs. Turned Wiadrows 

Age of Compost for lOO4rry Life Cycle 
10 20 30 40 SO 60 70 80 90 

I I 
Figure 13: Conceptual Plot of Life Cycle emissions 
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the effects of pile age on bulk deasity. Figrcre 15 shows the how the volatile solids change over 
L' titne. 

Effects of Plle Age on Bulk Density 
for Low C:N and High C:N Mateflals 

0 50 100 150 

Days in Compost Lie Cycle , 

Figurc 14: Effects of Pile Age on Bulk Density. 

I 

Effects of Plle Age on Volatlle Solids 
for Low C:N and HIgh C:N Materials 

0 50 100 1 50 

Days in Compost Life Cycle 

Figure 15: Effects of Pile Age on Volatile Solids. 

Product quality tests were also conducted to evaluate the quality of the compost product near the 
end of the life cycle. Samples were on Day 10 1 and Day 102 awl analpal for a Solvita 
Maturity Index, an indicator of finished compost. Data for Solvita tests are &own in Table 3. 
The average Solvita Maturity Index for static windrows was 5.9 while the avaage Solvita 
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Maturity Jndex for turned windraws was 6.6. A Solvita test result in thk 5 m 6 range indicates 
u active compost moving into the curing stage. A Solvita test result in the 6 to 7 range indicates 

curing compost moving into the fiaished product stage. Since tuned windrows have a higher 
average Solvita that approaches the finished pmduct stage, thia would indicate that the static 
windrows required a longer life cycle to complete the camposting process. This is consiwt 
with the conceptual plot o f  life cycle emissions discussed in Figure 13 but would need to be 
confirmed with marc data Field obstrvations during product sampling on Day 101 md Day 102 
also indicated that dm static windrows contained evidence of white gtrands or filaments 
characteristic of acrinomycetes and fimgi that were still actively cornposting organic materials. 
The tutned wiruiraws did not contain visual evidcnce of these organisms. See Figure 16 for a 
photo of the compost product at Day 101 for the static windrows. 

Embslons Relative to Windrow Zone 
Each wmdrow was tested at 6 locatians when emission samples were taken with the isolation 
flux chamber. The test locations included the windrow ridge-top, the sides of the windrow 
halfway between the ground and the top of the wiadrow, and the base of the windrow near the 
ground. The reason for testing for emissions in different windrow zones was to i h t ; f v  
directional movement of air intake and emissions outflow, The theory waa that for a classic 
trapezoidal shaped.windrow, airflow in would occur atthe base and sides of thc windrow while 

w emissions out of the windrow would happen on the ridge-top locations. By compaing the 
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relative VOC fluxes for given windrow zones, directionk movement can be determined and 
venting locations vs. non-venting locations can be identified Figure 17 and Figme 18 sbow 
cmissions for the various windrow zones. As shown in these figures, smissions are greatest for 
the ridgetop locations with the base and side locations of the windrow contributing substantially 
lower overall emissions. This data confirms the model directional d o w  of air intake at the 
base and sides of the windrow and emissions out of the ridge-top of the windrow. This 
information can be used to proportionally weight emission fmtors for tJapcmidal windrows 
when evaluating absolute pounds of emissions Srom a given windrow or facility. For the data 
shown in Figure 17 and Figure 18,22-33% of the total emissions for the windrow are coming 
Erom the base and sides while 66-76% of the total emissions are coming &om the windrow ridge 
top. Figure 19 shows the total emissions by windrow zone as tht: average of all of the data for all 
days and all windrow types. This profile sbows mare of a 50/SO split of emissions from the tops 
and sides of the windrows, with 53% of the total emissions for the windrow coming fiom the 
base and sides whilc 47% of the total emissions are coming frbm the windrow ridge-top. 

Emissions Relative to Windrow Zone 
for Low C:N Materials (Grassy) 

Day 3, Static 

I Middla 

I Top 

Middle 
0 Lowest 

Windrow Zone Where Sample Was Taken 

- . . -. . . . , . - , . , , ,"-,.--I.-. 

Figure 17; Emissions Relative to Windrow.Zone for Low C:N Windrows 
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Emissions Relative to Windrow Zone 
for High C:N Materials (Woody) 

Day 3, Statlc 

Wlndrow Zone Where Sample Was Taken 

n ~owesr 
6iJ Middle 

Top 
Top 

C1 Lowest 

L' Figure 18: Emissions Relative to Wiuchw Zon~ for Kigh C:N Windrows. 

7 Emissions Rala(lve to Windrow Lone 
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Figure 19: Emissions Relative to Windrow Zone for All Wiadrows. 
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k81D Correlation to Flux Chamber Measurements 
'rtlc; cmission results for FLD method measurements can be compared with the emission results 
for the isolation tlux chambcr susples analyzed by Method 25.3. The reason for evaluating the 
cornlation hclweer~ these two methods is to identify ah inexpensive method of  testing for 
cn~issiom where a subslantial lirrlount of data can be gathered h r  awider range of  operating 
vari;rhlcs. The FTD method is a hand-l~ld instrument that can be used in the field to obtain a 
concei~tration of hydrocarbons enlitled fiom the surface of a windrow. .For these tests, an FID 
rcarling was taken from the isolation flux chamber. A gas samplc was also colle*ted from the 
f l ~ ~ x  chambcr in a canister and sent to the laboratory for VOC analysis by Metbod 25.3. The WO 
rc.:sults, FID and Mcthod 25.3, can be ~ornpared to see if there is a consisteat relationship 
between thc techniques and delemine how well they correlatt: with each otherr. Figures 20 
rt~rnt~gh 23 show the corrciation between FID and the flux chamberMethod 25.3 fir measuring 
emissions. The data was sorted for feedslock blends and Figure 20 and Figure 21 show the 
corrcliition Cot high C:N and low C:;N windrows respectively. The data was re-sod for 
aeration tcchniyue md Figure 22 and Figure 23 show the correlation for static and turned 
windrows rcspccti\iely. As can be seen from these figures, the R' factor is between 0.47 and 
0.55 meaning ha147 to 55% of the data can be predicted using the exponeatial or power trend 
~quations shown on the graphs. This indicates that only a moderate correlation can be drawn 
hetween thc FTT, aid the flux chamber/M'ethod 25.3 results. Withoul a better correlation 
hetween measurcmcnt methods, the FID method would not be a good tool to predict the 
clnissions that a flux cbamberMcthod 25.3 would identify. 

.$j z 
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FID Correlation with Flux ChamberlMethod 25.3 - Hlgh C:N 
(All Days, Static 8 Turned) y = 0 . 9 8 5 7 ~ ~ ~ '  

R= = 0.4699 
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Figure 20: FID <:orrelation with Flux ChamberMethod 25.3 for High C:N WindFbws 
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FID Camlation with Flux Cham berIMethod 25.3 Low C:N 
(All Days, Static 8 Turned) y = 0.04513'~-~ 

R~ = 0.4899 
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Figure 21: F D  Correlation with Flux Chamber/Meth4d 25.3 for Low C:N Windrows 

FID Correlation wlth Flux ChamberlMethod 25.3 - Static 
(MI Days, All C:N) y = 0.021 5812.674x 

0.000 0,050 0.100 0.1 50 0.200 0.250 0,900 

FID Flux, Ib/l,000ft2hr 

Figure 22: FID Conelation with Flux ChamberMethod 25.3 for Static Windrows. 
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FID Cornlatian with Flux ChamberlMethod 25.3 - Turned 
(All Days, All C:N) y = 0.08076 17244~ 

R' = 0.5461 
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FID Flux, lb11,00Oft2hr 

Figure 23: FID Cornlation with Flux Chamb~r/Method 25.3 for Tumtd Windrow63. 

Emissions Per Ton or Feed 
The VOC missions for each windrow (for rircprst two w a h  of compos&g) can be calcutated 
based on the amount of feedstock materials in each of the four test windrows. The amounts of 
rnaekls were weighed prior to constructing the windrows. Table 8 shows the VOC emissions 
measured for each windrow as a flux measu~ement in lb/l,OOOftZ, br". The VOC d m  
shown are the average of all of the flux measurements taken for each windrow during the first 
two weeks of the cornposting process. It should be noted that emhion rates during the fint two 
weeks arc likely at the highest v a l w  and drop off significantly after the initial jmk To 
dekmhe accurate total emission rates over the entire life cycle of the composting p w s ,  
additional emissionrates that me agedependent ate essential. 

Also provided in Table 8 ate wiadrow surface areas, the weight of materids in each windrow, 
and the calculated emission factors ia 1bs VOCs per day per'ton of feedstock mataiala. The 
average VOC emissions were 0.344 lb/1,000£t?, hr-' for flux meaamments and 0.247 lb/day/ton 
of feed for emission factors. 
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CONCLUSIONS 

Table 8: VOC Emissions for Each Windrow 
1 

The fillowing conclusions summarize the findings presented in this Technical Summary Report: 

NHJ emissions are not a concern f o ~  greenwaste compost facilities. Emission levels were 
non-detect in 47 of the 48 reat results, equating to 98% of the test data below the 
detection limit for N H 3 .  

Lbs VOC par Day1 
Ton d F e w  

0.055 

0.640 

O.@S 

0.240 

0.247 

VOC emissions decreased with an increase in C:N ratio in the windrow materials. 
Overall averages indicate a 63% decrease in VOC emissions for a high C:N ratio of 67 
compared to a low C:N ratio of 22. 

*Emission flux dnd omissianan~tts arc b a d  on t k  VOCs memurod dubg the iditid first two waJrs of 
cornpos~.  Theae sc[w ara not repmontativo of tht: lifa cycle emission xab which muld result in an avsrpge 
ernission rate that is sigdicatly 10- than the average of the fnst two w& of emissians. 

Wlndrolrv Amount- 
Ibs 

146570 

14761 0 

146080 

147670 

Row Designation 

Raw 1- Emissions 
(Static, Low C;N) = 

Pow 2 Emlssians 
Turned, Low C:N) = 

Row 3 Emissions 
(Static. High C:N) = 

Row 4 Emissions 
(Turned. High C;N) = 

Ave = 

a Control of feedstock blends, as indicated by C:N ratio, is a feasible BMP optmthg 
va+iable for greenwaste compost facilities to use for minimizing VOC emissions. 

During the early stages of composting, turned windrows anit higher VOC levels tban 
static windrows by an order of magnitude, i.e. 0.965 vs, 0.203 lb/1,000@, hr" for the 
first week of composting and 0.287 vs. 0.0227 Ib/l,000ft2, hfL for the second week of 
composting. 

VOC Emission 
Flux* - 

lb11000ft2,hr-1 

0.078 

0.929 

0.047 

0.323 

0,344 

VOC emissions peak during the ht woek of composting and decline by an order of 
magnitude during the second week of composting, e.g. 0.103 reduces to 0.0227 
lb/l,000~, h f '  for static windrows and 0.965 reduces to 0.289 &/1,000#, hr-' for turned 
windrows. 

Windrow 
Swface Area-ft2 

2140 

2140 

2365 

2365 

r A full life cycle analysis for emissions over the entire composting cycle ia needed to . 

determine the overall effects of aeration technique on total VOC emidons. It is difficult 
to detmnine i f m e d  versus static windrow3 emit the mare, the same, or less VOCa. 

Turned windrows achieve compost product qualities over a shorter life cycle than atatic 
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windrow as evidenced by SoIvita Maturity Index results taken at Day 101. The average 
Solvita test for compost in turned winbows was 6.6, which indicates curing compost 
moving into the product stage. The average Solvia test for compost m static widrows 
was 5.9, w&ch indicates active compost moving into the crrriag stage. Therefore. the 
static windrows needed more time to complete the cornposting cycle. 

Emissions vary relative to windrow zone on the surface of the pile. Typically, the 
emissions are higher for the windrow ridgetop than for the base and sides of the winchow 

, with 50 to 80% of the total emissions coming h m  the windrow ridgetop. 

M y  a moderate comelation can be drawn between the FID Ad the flux chambermethod 
25.3 techniques of measuring VOC emissions. Although it is significantly less 
expensive and easier to operate, the F D  would not be a good tool to p d c t  the 
emissions tbad a flux charnberhfethod 25.3 would identifj., due to the low prediction 
accuracy of 47 to 55%. 

The average VOC mnissions for the test windrows for the b t  two weeks of cornposting 
were 0.344 l b / 1 , 0 ~ ,  hr" for flux measurements and 0.247 Ib/day/ton of  feed for 
emission htors. 


